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Introduction
The scientific basis for gestational age (GA) estimation was reviewed in Sweden in 2010. Although the ultrasound-based calculation of delivery date corresponded well with actual delivery date, the accumulation of new scientific biometry data as well as change of dating practices in neighboring countries has called for an overview of existing routines. The new guidelines recommended sonographic GA assessment at 11-14 weeks (1). The previously predominant method for pregnancy dating in Stockholm -second trimester biometry combining the bi-parietal diameter (BPD) and the femur length (FL) (2) -was abandoned following reports of FL adding little to the accuracy achieved with BPD alone (3) . Likewise a specific (4) equation for early BPD-based dating was dropped, and all BPD-based estimates were calculated using a formula from 1985 by Selbing and Kjessler (5) . GA assessment was to be based solely on BPD when in the range of 21-55 mm, and based on crown-rump length (CRL) before this age. Finally, the Robinson and Fleming CRL-based equation for GA was adjusted (6) .
Pregnant women in Stockholm County are routinely scanned at around 18 weeks. Approximately 60% opt for an additional early scan at around 12 weeks to calculate the likelihood of fetal chromosomal aberrations; fetal age is frequently being estimated at this time. The convention of pregnancy length in Stockholm County is 280 days. Births are expected to occur on average after 279 completed days, counting the first day of the last menstruation as day one. Births before 259 completed days (37 +0 ) are regarded as preterm, and births at 294 completed days (42 +0 ) or later as postterm. With accurate dating, 3-5% of pregnancies reach postterm stage (3, (7) (8) (9) (10) (11) (12) . Evidently, a higher proportion of 'postterm' pregnancies add to the medicalization and costs of giving birth, and increase the obstetrical workload.
The BPD dating formula in use in Stockholm (5) was originally recommended for 11-14 gestational weeks, the period with the least standard deviation (AE six days). Other Swedish studies found the BPD formula to function well also during weeks 15-22 (13, 14) and the formula was therefore implemented across the entire 11-to 22-week period. Selbing and Kjessler had tested BPD distance against GA based on CRL measurements but not against term. None of the dating formulae used in Stockholm were originally designed to predict GA at delivery but were tested against an assumed reference GA at scan day without follow up of pregnancy length at delivery. To predict delivery date, the residual days of pregnancy from scan date onwards were added, assuming a total pregnancy duration of 280 days.
A different approach to predicting birth date by ultrasound is to measure the remaining time of pregnancy from the date of biometry examination. In 2007, Gjessing and coworkers presented median time interval formulae based on 41 000 measurements of BPD and FL (15) . When validated in separate cohorts these formulae showed a median deviation of 0.4 days (16, 17) .
In April 2013 the new guidelines were implemented across Stockholm County, the most populous county in Sweden with approximately 29 000 births annually. Shortly after the implementation an informal inquiry using automatically generated quality reports from one of the ultrasound units (data not shown) indicated that GA estimation had not improved. The estimated delivery date (EDD) deviation (actual birthday minus EDD) had shifted away from zero towards more births estimated to be postterm. This motivated the present study, in which the magnitude and possible causes of the precision loss were investigated using data from a population-based electronic archive on all performed ultrasound scans in Stockholm County.
The objectives were to compare the accuracy of GA assessment of the dating formulae used in Stockholm County, listed in Table 1: The main outcomes were: 1. The accuracy of the different sonographic pregnancy dating techniques 2. The proportion of pregnancies reaching ≥41 +0 weeks, and ≥42 +0 weeks, respectively, in each group.
Secondary outcomes were: 1. The proportion of births taking place within AE seven days from EDD. 2. The variations of median deviations according to fetal size. 3. The difference in accuracy between the actual formula used for dating and alternative formulae in the same pregnancy (paired differences). 4. The accuracy of pregnancy dating from menstrual data.
Material and methods
Fetal biometric data, and prenatal and delivery data were obtained from the Stockholm County Council electronic archive. All exams which included GA assessment between January 2013 and April 2014 for pregnancy lengths of 77-153 completed days from the last menstrual period onset, and which fulfilled the following inclusion criteria, were extracted: non-IVF, the scan defined EDD, singleton birth, menstrual age at birth of at least 154 completed days (22 +0 ), spontaneous start of labor, and induced labor at 294 completed days (42 +0 ) of gestation or later. Menstrual age defined the inclusion periods due to its objectivity with regard to the ultrasound, but since the clinical decision of when to induce a postterm pregnancy
Key Message
Estimation of delivery date based on ultrasound measurement of bi-parietal diameter (Selbing and Kjessler) or crown-rump length (Robinson and Fleming) during weeks 11-21 overestimated gestational age by 2 and 3 days, respectively, thus increasing the proportion of alleged 'postterm' pregnancies if median gestational age is considered to be 280 days.
was based on sonographic dating, GA according to ultrasound was used for the inclusion of postterm induced deliveries. Induced deliveries were included only if they sonographically exceeded 42 weeks. Differences between the biometry methods are also presented as a sensitivity analysis with these late inductions excluded.
Bi-parietal diameter was measured as the outer-inner skull diameter according to Campbell (18) . CRL was measured as the maximum length of a fetus in "neutral" position according to Robinson (19) . The measurements used one decimal or were rounded to the nearest millimeter, according to local practice. Sound velocity was calibrated to 1540 m/s. The vast majority of examinations were performed as transabdominal scans by specially trained obstetricians and midwives equipped with a variety of highend ultrasound systems. No specific biometry training was given before or during the study period. Pregnancies subject to more than one dating scan had their latest estimation registered, and mothers who gave birth twice in the study period were included only once (the first pregnancy). We compared the following subgroups regarding the accuracy of their EDDs.
The "Late BPD+FL" group. A historic sample (routine before April 2013) of pregnant women who underwent ultrasound biometry using a combined BPD and FL formula to estimate GA at 105-153 days (15 +0 to 21 +6 gestational weeks) according to menstrual dates.
The "Late BPD" group. Women whose delivery dates were calculated from the formula of BPD alone at 105 to 153 days.
The "Early BPD" group. As above but calculated at 77-104 days (11 +0 to 14 +6 weeks). The "Early CRL" group. Women whose delivery dates were calculated from the adjusted Robinson formula (CRL) at 77-104 days.
As changes were made in which BPD and CRL formulae were used, the inclusion for the three latter groups was restricted to those examined after the implementation of the new formulae. The pregnant women in the BPD+FL group were examined between 1 January and 25 April 2013, and those of the other groups were examined between 26 April 2013 and 20 April 2014.
The study was approved by the regional ethical committee of Stockholm (2015/1973-31/4).
Statistical analysis
In the preparation of the study a power calculation was performed. If comparing two equally sized groups with mean EDD deviations of +0.39 and +1.35 days, respectively and with common standard deviation of 7.7 days, 1011 individuals would be required per group to achieve 80% power (two-sided t-test, 5% significance level). These results were then extrapolated to aim for 1011 patients in each of the four study groups. The means and standard deviation were chosen based on a quality report from one of the ultrasound units, showing overall results not split by dating formula.
Descriptive characteristics of the four groups are shown in Table 2 . For each group the median and interquartile range (IQR) of the EDD deviation, defined as the difference between the actual and EDD for each included pregnancy, are shown in Table 3 . Differences in variability between the groups were tested with Brown-Forsythe's test. Differences in median as compared with the reference group BPD+FL, both unadjusted and adjusted for mother's age, number of earlier pregnancies, child's sex, sonographer's profession (midwife or physician) and ultrasound unit, were assessed using quantile regression. The distribution of EDD deviations among the dating method groups is further visualized in Figure S1 .
To assess dating precision across the range of fetal sizes, quantile regression was used to estimate and plot median EDD deviation by the entire millimeter range of fetal measurements, using B-splines with nine knots to allow for flexible curve fitting. To avoid influence of outliers, all curves were drawn after omitting the smallest and largest 1% of fetal measurements. For the Late BPD+FL group, modeling was done using BPD only (disregarding FL) to allow comparison with the competing BPD groups. The result is shown in Figure 2 .
The proportion of pregnancies reaching ≥41 +0 and ≥42 +0 weeks, respectively, is shown in Table 4 , along with unadjusted and adjusted risk ratios (RR) calculated using log-linear regression. The proportion of births with EDD deviation of more than seven days is presented in Table S1 .
In addition to the fetal measurement(s) actually used to calculate the EDD, both BPD and FL, as well as BPD and CRL were recorded in a vast majority of all late and early scans, respectively. This allowed for comparisons between formulae applied to the same pregnancies: quantile regression was used to compare the paired differences between actual and hypothetical EDD deviations in the same pregnancies, had their EDD instead been calculated by one of the competing formulae. The results are shown in Table 5 .
As a sensitivity analysis, results for the median differences are further shown with the induced pregnancies excluded. EDD deviations calculated from last menstrual period (with 280 days as assumed pregnancy length), was compared with EDD deviations based on ultrasound measurements. All statistical tests were done two-sided at 5% significance level. Calculations were performed using SAS software version 9.4 (SAS Institute Inc., Cary, NC, USA).
Results
From a total of 24 578 pregnancies during the study period, 14 239 were included (Figure 1 ). Forty-one percent of the women had their dating ultrasound scan in the 1st trimester and 59% in the 2nd trimester. In the limited group reaching 42 weeks, 77% had induced labor (5.5% of all births) ( Table 2 ). The indications for induction of labor were not available.
The Late BPD+FL group overestimated completed gestational length by one day. The corresponding values of the Late BPD, Early BPD and Early CRL groups were two, two and three days, respectively. Excluding pregnancies with induced labor, the median deviation was one day in the BPD+FL and Late BPD groups, two days in the Early BPD group and three days in the CRL group. All groups had about the same variability in terms of IQR, but there was a somewhat greater tendency for outliers in the Late as compared to the Early groups (p = 0.024; Table 3, Figure S1 ).
The proportion of women who according to the EDD gave birth at earliest 287 days (41 +0 weeks) and 294 days statistically significant both unadjusted and adjusted (Table 4) . The proportion of women giving birth outside AEseven days varied insignificantly between 39% (BPD+FL) and 44% (CRL). However, noticeable differences were seen in the proportion giving birth earlier than -seven days (BPD 18.5%, Late BPD 16.7%, Early BPD 13.6% and CRL 12.4%) and those giving birth later than +seven days (BPD+FL 20.1%, Late BPD 24.1%, Early BPD 25.8% and CRL 31.4%), demonstrating a shift towards overestimation of GA when using BPD or CRL for dating.
The second trimester biometry demonstrated non-consistent median deviations in EDD along different fetal sizes. The Late BPD median deviation was restricted to AE one day up to BPD 40 mm, whereas bigger fetuses deviated by up to four days. A similar pattern was found when using the combined BPD+FL formula; in the range 34-40 mm (BPD) the GA deviated within one day, whereas later the deviation increased to +four days. The early BPD and CRL measurements maintained more consistently sized deviations across the mm scale (Figure 2) .
The EDD assessments were compared with hypothetical EDD calculations based on other fetal measurements obtained on the same occasion: Late BPD+FL with EDD using only BPD, Late BPD with EDD using BPD+FL, and Early BPD with EDD using CRL. These alternative measurements were available in 100% of Late BPD+FL, 97.8% of Late BPD, and 96.9% of Early BPD groups. The deviations proved significantly different within all three groups, with least deviation when BPD+FL was used, followed by BPD only, and most deviation using the CRL values, consistent with previous findings for these groups (Table 5) .
Comparison between sonographic pregnancy length and menstrual age showed a more prominent deviation when EDD was based on last menstrual period, with a median deviation among all pregnancies of +three days (IQR À3 to 9; IQR À4 to 8 for spontaneous deliveries only). Corresponding median deviations for sonographic EDD across all groups was two days (IQR À4 to 8; IQR À4 to 7), respectively (data not shown). The median pregnancy length was 283 days (282 days after last menstrual period, or '40+2') with and without induced pregnancies (data not shown).
Discussion
In this population-based study of ultrasound scans in Stockholm County, Sweden, the use of BPD and CRL for assessing GA overestimated GA by two to three days, resulting in an increase of alleged 'postterm' pregnancies. Even after excluding postterm inductions the early dating methods overestimated GA. The combined BPD+FL formula overestimated GA by one day. The difference in EDD deviation observed after implementation of the new routines in April 2013 is probably due to the change in the formulae used.
A clinical advantage of ultrasound dating vs. menstrual dating has been the reduction of alleged postterm pregnancies from approximately 10-12 to 3-5% (3, (9) (10) (11) (12) . The pregnancies we studied appeared to continue longer, with 6.8-7.3% reaching 42 +0 weeks if dated with BPD and 7.8% if dated with CRL. The best performing dating routine (BPD+FL) resulted in 5.1% of postterm pregnancies. The proportions of postterm pregnancies indicate an overestimation of GA using the present dating routines.
The value of combining BPD and FL measurements as recommended by Persson and Weldner in 1986 has been questioned in both spontaneous (3) and artificially achieved pregnancies (20) . Our data demonstrate an added accuracy for the formula that includes the FL measurement, and did not show CRL measurement superior to that of BPD in GA estimation during the first trimester (2, 3, (19) (20) (21) (22) . However, whereas smaller deviations from actual delivery dates (higher accuracy) were seen for second trimester scans which used the combined BPD and FL measurement, and in general for second than first trimester sonographic scans, it must also be noted that deviations from early scans had somewhat lower variability in their estimates (higher precision) and more consistently sized deviations for fetuses of varying size. Early scans would thus have had better median accuracy with unchanged precision if the assumed pregnancy length had been defined as longer. The lower variability of first trimester dating is consistent with the close to uniform fetal growth patterns during the first trimester (23, 24) .
The 280-day pregnancy length assumed in the Stockholm County and in most parts of Sweden has a long tradition but lacks a solid scientific basis (25) . Previous studies speak in favor of a median pregnancy length of 281-284 days (3, 7, 9, 15, 22, (26) (27) (28) and our data supports 283 days. A more correct prediction of birth date could likely be based on the measurement of remaining time of pregnancy from the date of biometry examination (15) (16) (17) .
Possible limitations include lack of information about maternal or fetal complications, as well as the reasons for labor induction. Stillbirths were not excluded. However, there is no reason to believe that distribution of these pathological pregnancies differed among the groups. The clinical practice of not recording pregnancies scanned at an appropriate menstrual age but with sonographic data consistent with a more advanced pregnancy beyond the inclusion window may have contributed to the overestimation of GA from last menstrual period. All comparisons against a historical reference group may come with added uncertainty due to the possible introduction of unknown changes. However, the differences in EDD deviation observed between the historical Late BPD+FL group and the other groups were consistent with the paired differences within each group in EDD deviation calculated using competing fetal measurements from the same ultrasound scan. Furthermore, there was no major alteration of technical systems or staff, and there is no reason to believe that changes of reproductive patterns occurred in the County population during the study period.
Conclusions
None of the four tested formulae were optimal for estimating the day of delivery in Stockholm County. Although the combined BPD+FL technique of birth prediction yielded the least deviation from actual birth date, it had lower precision than did early biometry using BPD or CRL. Both types of late biometric EDD assessment suffered from varying accuracy depending on fetal size. The early dating methods CRL and Early BPD demonstrated a high precision; their deviations varied only marginally across fetal size. Alternative formulae ought to be sought, and the assumed duration of pregnancy reconsidered.
Supporting information
Additional Supporting Information may be found in the online version of this article: Figure S1 . Box plot showing the distribution of deviations between estimated and actual delivery date (box plot). The diamond within each box marks the mean and the line inside the box shows the median. The box itself gives the 25th to 75th percentile (i.e. containing 50% of the observations in the group), and the whiskers extend to the lowest and highest value within 1.5 interquartile ranges. Table S1 . Proportion of births within AE seven days from estimated delivery date.
